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Description 

[0001] The United States Government may have cer- 
tain rights in the present invention pursuant to Contract 
No. F19628-90-C-002 awarded by the Department of 
Defense. 

[0002] The present invention relates generally to an 
illumination system and methods for adjusting illumina- 
tion profile. In particular, the present invention relates to 
an illumination system and method employing a deform- 
able mirror and diffusive or diffractive element(s) to ad- 
just the illumination profile emanating from an illumina- 
tion source. One suitable application for the invention is 
adjusting the illumination profile of a laser illumination 
system in step and scan photolithography. 
[0003] Photolithography is commonly used for manu- 
facturing semiconductors and flat panel displays. In 
photolithography, an illumination source transmits elec- 
tromagnetic radiation through the openings in a reticle 
or mask. This defines an image which is projected on a 
substrate coated with photosensitive material. The illu- 
mination profile of a given illumination source is a map 
of the intensity of electromagnetic radiation impinging 
on a target, for example, the substrate, as a function of 
location thereon. To properly expose the substrate, the 
illumination profile should be relatively uniform. 
[0004] In the past, the feature size of integrated cir- 
cuits was relatively large and could be obtained with 
several choices of well behaved illumination sources. A 
number of suitable illumination sources could be used 
in the blue visible, ultraviolet (UV), and deep UV (e.g., 
248 nm) regions. 

[0005] As the semiconductor industry reduced feature 
size, designers were forced to use illumination sources 
producing smaller wavelengths to avoid diffraction- 
based resolution limits. However, at the smaller wave- 
lengths, there are a limited number of suitable lamps 
which can deliver sufficient energy. The alternate laser 
or radiation beam sources in these wavelengths tend to 
have a poor output profile or instability characteristics. 
These drawbacks are exacerbated by the generally 
poor performance of optical material in this wavelength 
region. 

[0006] Designers have sought to address these prob- 
lems by adding complex optical systems between the 
illumination source and the substrate. The optical sys- 
tems used, however, to compensate for nonuniform il- 
lumination profiles have involved anamorphic designs 
resulting in inefficient transmission and high manufac- 
turing costs. An anamorphic optical system is one which 
has a different power or magnification in one principal 
meridian than in the other. See Smith, Modern Optical 
Engineering pages 270-273 (1990). U.S. Patent No. 
4,619,508 to Shibuya et al. describes one such illumi- 
nation system which forms an incoherent light source 
from a coherent light beam. U.S. Patent No. 4,918,583 
to Kudo et al. describes another illumination system 
having an internal reflection type integrator in combina- 



tion with a fly-eye type integrator and a plurality of lens 
elements. 

[0007] In general, the optical systems associated with 
conventional illumination systems use a large number 

5 of refractive optic lens elements. This results in poten- 
tially high absorption of the radiation and low output 
reaching the substrate. For lens or lens-like elements in 
a complex illuminator, the losses may vary laterally add- 
ing to the non-uniformity of the illumination profile. In ad- 

10 dition, in the smaller wavelengths, such as in the deep 
UV region, there are a limited number of refractive ma- 
terials that have acceptable transmission or have a long 
life without optical degradation. Further, high quality re- 
fractive materials for x-ray optics are essentially nonex- 

15 jstent and many x-ray exposure tools must perform with- 
out refractive elements. 

[0008] In an attempt to reduce lithographic resolution, 
some designers have employed lasers having a wave- 
length at 193 or 248 nanometers for the illumination 

20 sources, or x-ray radiation sources projecting a beam- 
like pattern. Here also, there are disadvantages. For ex- 
ample, an illumination profile of an excimer laser is often 
not uniform. Further, the laser's intensity profile can 
change from thermal changes, gas aging, and dis- 

25 charge dynamics, among other variables. In many laser 
based illumination systems, the associated optics can 
degrade causing the illumination profile to change over 
time. Furthermore, the optical designs which attempt to 
provide improved uniformity on the reticle may compro- 

30 mise the desired angular illumination properties. 

[0009] Accordingly, attempts to provide optimum illu- 
mination with high energy delivery to the substrate in the 
deep UV region or even smaller wavelength regions 
have had limited success. There is a need to solve the 

35 problems associated with existing illumination systems 
and take a new approach in the design of systems em- 
ploying relatively coherent light sources such as lasers 
and/or substantially directional electromagnetic radia- 
tion sources at the smaller wavelengths. 

40 [0010] Fig. 1 A shows the distinction between the root 
features of many prior illumination concepts and the 
present concept. The prior concepts generally utilized a 
Kohler condenser lens approach to providing a uniform 
field. In Fig 1A, a conventional fly's eye lens 100 and a 

45 condenser lens 101 is shown illuminating a reticle 30. 
The current concept will be shown to be advantageous 
in that it does not need such a lens or lens system. 
[0011] Patent Abstracts of Japan, vol. 018, no. 596 
(P-1825), 14.11.1994, corresponding to JP 06 222300 

50 A, describes a laser beam shaping device comprising a 
laser illumination system with a source of electromag- 
netic radiation, a deformable mirror, actuator means 
coupled to the deformable mirror for changing the sur- 
face contour of the deformable mirror, whereby radiation 

55 from the source is reflected from the deformable mirror. 
[0012] EP-A-0 576297 discloses a device for normal 
or oblique illumination of a mask comprising mirrors and 
microlens arrays in the optical path. The light is passed 
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through a condensing lens, a microlens array before it 
again passes a condensing lens and a further microlens 
array. After reflection at a second mirror, the light is 
again passed through condensing means before it is 
sent to a reticle. 5 
[0013] It is an object of the present invention to pro- 
vide a stable uniform illumination profile for projecting 
the image of a reticle onto a semiconductor wafer. It is 
another object of the invention to increase throughput 
and reduce transmission losses. 10 
[0014] These objects are achieved with an illumina- 
tion system having the features of claim 1. Preferable 
embodiments are in the subject matter of respective de- 
pendent claims. 

[0015] The present invention provides a stable uni- 15 
form illumination profile for projecting an image onto a 
target substrate, reduces transmission loss, and there- 
by increases the radiation reaching the substrate. The 
present invention eliminates the speckle or unwanted 
coherence patterns in the imagery of the mask, and 20 
compensates for fluctuation overtime of the illumination 
profile. The interference of coherent wavefronts is re- 
duced, eliminating speckle. Further, the present inven- 
tion reduces cost and maintenance. 
[0016] In one embodiment, the present invention pro- 25 
vides a detector comprising a beamsplitter and a cam- 
era based profiler. The beamsplitter reflects part: of the 
radiation emitted from the radiation source to the profil- 
er. The profiler determines the global uniformity of the 
radiation emitted by the radiation source and produces 30 
an output signal to the controller. In response, the con- 
troller selectively activates actuators to deform the mir- 
ror in desired locations. Thus, the actuators adjust the 
deformable mirror to achieve a desired change in the 
illumination profile at the substrate. 35 
[001 7] In still another embodiment, the present inven- 
tion provides a diffractive element, for example, a mic- 
rolens array, which functions as a tailored diffusive ele- 
ment generating local uniformity, incoherent summing, 
angular spread, and telecentricity. Acceptable telecen- 40 
tricity refers to acceptable image distortion due to small 
defocus. A very uniform, stable illumination profile can 
be thereby obtained with very low transmission losses. 
[0018] In another embodiment, the invention uses at 
least one diffusive or diffractive optical element and, 45 
preferably, the diffusive element can be moved or oscil- 
lated in a single plane. 

[0019] The above and other objects, advantages, and 
features will be readily apparent in view of the following 
detailed description. 50 
[0020] Fig. 1 is a schematic representation of an em- 
bodiment of the system of the invention. 
[0021] Fig. 1A is a comparison to the Kohler condens- 
er lens scheme in many prior illuminators. 
[0022] Fig. 1 B illustrates the use of a scanning detec- 55 
tor for profile sensing. 

[0023] Fig. 1B' illustrates a rectangular field scanned 
by a slot. 
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[0024] Fig. 1C shows profile division into segments. 
[0025] Fig. 1C" shows re-assembly of segments to 
obtain a new profile. 

[0026] Fig. 1 D illustrates profile segment lateral shift- 
ing without crossing. 

[0027] Fig. 1 D' illustrates profile segment lateral shift- 
ing with crossing. 

[0028] Fig. 1D" illustrates a water bucket analogy. 
[0029] Fig. 1 E shows the throw length. 
[0030] Fig. 1E' shows the effect of reflection on the 
locally sloped mirror surface. 

[0031] Fig. 1 F shows scanning of a reticle and wafer. 
[0032] Fig. 1 F" shows the way a uniform profile is cre- 
ated. 

[0033] Fig. 2 is a plan view of a first embodiment of 
the deformable mirror illustrated in Fig, 1. 
[0034] Fig. 3 is a front elevational view of the deform- 
able mirror illustrated in Fig. 2. 
[0035] Fig. 4 is a front elevational view of a second 
embodiment of the deformable mirror illustrated in Fig. 
1. 

[0036] Fig. 5 is a side elevational view of the second 
embodiment of the deformable mirror illustrated in Fig. 
4. 

[0037] Fig. 6 is a graph illustrating the illumination pro- 
file from a laser source. 

[0038] Fig. 7 is a graph illustrating the illumination in- 
tensity along the y-axis in Fig. 6. 
[0039] Fig. 8 is a graph illustrating the illumination in- 
tensity along the x-axis illustrated in Fig. 6. 
[0040] Fig. 9 is a graph illustrating an illumination pro- 
file of a laser source corrected by the present invention. 
[0041] Fig. 10 is a graph illustrating the illumination 
intensity along the y-axis of Fig. 9. 
[0042] Fig. 11 is a graph illustrating the illumination 
intensity along the x-axis of Fig. 9. 
[0043] Fig. 12 illustrates global, local, and microscop- 
ic uniformity scales and profile convolving geometry. 
[0044] Fig. 13 shows one possible way to gyrate the 
diffractive element. 

[0045] Fig. 14 illustrates circular motion in a trans- 
verse plane caused by the gyration of the diffractive el- 
ement. 

[0046] Fig. 15 illustrates the effect of the gyration of 
the diffractive element. 

[0047] Fig. 16 illustrates another embodiment of the 
present invention using a reflective diffractive element. 
[0048] Fig. 1 is a diagram of a system of the present 
invention. In one embodiment, the system includes an 
illumination source 10 projecting electromagnetic radi- 
ation onto a deformable mirror 12. A profiler 16 detects 
the radiation reflecting off the mirror 12 and sends a sig- 
nal indicative thereof to a controller 18. The controller 
18 sends corresponding signals to a plurality of actua- 
tors 20 to change the contour of the mirror 12 to gener- 
ate a desired illumination profile. The resulting radiation 
then proceeds through the openings of a mask 30, 
through projection optics 29 onto a target substrate 31 . 
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[0049] The illumination source 1 0 can be any suitable 
substantially directional radiation source. In one embod- 
iment, the illumination source 1 0 projects a beam of sub- 
stantially directional, short wavelength electromagnetic 
radiation. Favorable results have been achieved, for ex- 
ample, when using an excimer laser for the illumination 
source 10. A suitable excimer laser operating at 1 93 nm 
or 248 nm can be purchased from Cymer Laser Tech- 
nologies of San Diego, California or from Lambda 
Physik Inc. of Acton, Massachusetts, such as Cymer 
Model No. ELS-4000 or Lambda Physik Model No. 
Litho. 

[0050] For purposes of illustrating the invention, the 
illumination source 1 0 will be assumed to not have a uni- 
form intensity profile. As shown in Fig. 1 , radiation from 
the illumination source 10 is reflected off the deformable 
mirror 12. The mirror 12 may be made of zerodur or a 
common microscope slide substrate of roughly 1 mm 
thickness and polished flat to about 0.2 microns for the 
deep UV region. A suitable deep U V reflective coating 
may be obtained from Rocky Mountain Instruments, 
Longmont, Colorado. The mirror 12 has a deformable 
surface that can be used to change the illumination pro- 
file of radiation from the source 10. 
[0051] The system provides means for sensing the il- 
lumination profile of the radiation emanating from the il- 
lumination source 10. The sensing means can be placed 
anywhere in the optical path of the system as long as 
the illumination profile can be readily obtained. For ex- 
ample, a movable silicon photodiode detector 1 6A, as 
shown in Fig. 1 B, can be placed in the plane of the sub- 
strate 31 and moved out of the way when substrate 31 
is to be exposed. Fig. 1B' illustrates a one-dimensional 
integral profile measurement, l(y). A detector 16A, illus- 
trated in Fig. 1B, lies behind a slot aperture 25 which 
scans across the rectangular field 27. Light is summed 
along the slot 25, producing an integral of the two di- 
mensional profile. 

[0052] In the embodiment shown in Fig. 1 , the sensing 
means comprises a beamsplitter 14 and a profiler 16. 
The beamsplitter 14 is in the optical path of the radiation 
reflected off the mirror 12. The beamsplitter 14 can be 
any suitable structure, including an optic grade mirror 
with a partially reflective coating or an optic grade beam- 
splitter cube. One suitable beamsplitter can be pur- 
chased from Rocky Mountain Instruments of Longmont, 
Colorado. 

[0053] Preferably, a small portion of the reflected ra- 
diation from the source 10 is directed to the profiler 16. 
The profiler 16 acts as a camera to detect the spatial 
distribution of intensity or illumination profile of the radi- 
ation reflected from the mirror 12 and beamsplitter 14. 
[0054] The output of the profiler 16 is sent to a con- 
troller 18, for example, in an RS-170 video format, but 
many other formats are possible. In one preferred em- 
bodiment, the controller 18 includes a programmable 
computer. The controller 18, based on information from 
the profiler 16, calculates the surface contour of the mir- 



ror 12 to achieve a desired illumination profile, for ex- 
ample, a uniform illumination profile. The controller 18 
sends corresponding digital signals to the mirror actua- 
tors 20. A plurality of mirror actuators 20 are operably 

5 coupled to the mirror 1 2 and adjust the surface contour 
of the mirror 12 in accordance with the signals sent by 
controller 18 to obtain the desired illumination profile at 
the target plane, for example, at the substrate 31 . 
[0055] The controller 18 can use any of a number of 

10 different calculation techniques or algorithms to calcu- 
late the desired surface contour of the mirror 12. Typi- 
cally, the surface contour desired will result in a uniform 
intensity profile at the substrate; however, other illumi- 
nation profiles are obtainable. In another embodiment, 

15 the controller 18 uses trial-and-error and feedback to 
calculate the surface contour resulting in the best glo- 
bally uniform radiation intensity. 
[0056] Whatever algorithm is used, it is highly desira- 
ble that any change in surface contour of the mirror 12 

20 be minimized to only that necessary to obtain the de- 
sired result, for example, a uniform illumination profile. 
This eliminates unnecessary excess mirror strain and 
beam decollimation. 

[0057] One algorithm, applicable to the one-dimen- 

25 sional case to accomplish this goal, includes the step of 
dividing the illumination profile data into a number of 
equal area segments. Typically, several hundred seg- 
ments will be used. The equal area segments will typi- 
cally contain different quantities of energy. 

30 [0058] The target illumination profile, usually a con- 
stant rectangular function, is obtained by varying the 
width of a corresponding area segment of the target il- 
lumination profile as required by the radiation intensity 
needed over the segment. This is shown in Figs. 1 C and 

35 1 c\ The radiation energy or area under the profile curve 
of each corresponding segment is therefore constant, 
but the height and width of the curve segment will differ. 
[0059] The new set of varying width segments are 
stacked in the original sequence of division of the profile 

to to obtain a new profile data set. This determines the seg- 
ment displacements (Sj) that should be created by the 
deformation of the mirror 12. In this way, the minimum 
lateral shifting of radiation from relative high profile 
points to relative low is obtained, and radiation is never 

45 shifted in a way that results in the crossing of rays. The 
computed surface of the mirror is that which has local 
slopes according to the law of reflection, generating re- 
flected ray angle changes which obtain the desired seg- 
ment shifts. As a result, a minimum surface deformation 

50 of the mirror 1 2 is obtained for the desired globally uni- 
form illumination profile. This is minimum because seg- 
ment shifts obtained this way require minimum mirror 
slope. See Figs. 1D, 1D\ 1E, and 1E\ 
[0060] The deformable mirror 12 has practical con- 

55 straints on deformation due to the finite displacement 
range of the actuators 20 along with the material flexure 
limits of the mirror 12 itself. Flexure limits will arise from 
either breakage of mirror 1 2 or the resistance of the mir- 
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ror 12 to movement of the actuators 20. 
[0061] Preferably, the angular size of the deformation 
of the mirror 12 will have a negligible effect on down- 
stream decollimation of the radiation used in the expo- 
sure of the substrate 31 . The beam projected to the dif- 
fractive element will remain substantially directional due 
to the small angular deviation applied to it. This is re- 
quired if the telecentricity of the illumination of the reticle 
depends on collimation. Accordingly, it is important to 
find the minimum deformation of the surface of mirror 
12 which alters a given profile emanating from illumina- 
tion source 10 to create a new illumination profile at the 
substrate 31. 

[0062] A profile data set is divided into a large number 
of equal segments, not necessarily related to the 
number of actuators 20. The number of segments used 
is ultimately a matter of computational accuracy. How- 
ever, at least several hundred segments should be used 
for typical ±1% uniformity goals. The data is numerically 
integrated in order to establish the amount of "energy" 
received in each segment, and the total energy over all 
the segments can be obtained as the sum. This total 
energy is ultimately conserved for any reasonable de- 
formation in the sense that it is all delivered from the 
deformable mirror 12 to the target profile surface. 
[0063] Next, a "running integral" algorithm begins in 
the controller 18. This algorithm numerically integrates 
the target profile in an incremental way. If the target pro- 
file is uniform, this integral value is always the same, 
and is simply the total energy divided by the number of 
segments. The numerical integral on the first segment 
is tested at every increment. If the integral passes the 
energy value in the first segment of the original profile, 
a decision is made as to which increment is closest. This 
becomes a segment break, and in turn the starting value 
for the next integral. See Figs. 1C and 1C\ 
[0064] This sequence continues until each source 
segment of equal length is mated to a target segment 
of length required to match the energies or area under 
the curve represented by the data set. As such, the tar- 
get segment becomes divided into unequal length seg- 
ments that ultimately stack: up or connect sequentially 
to the proper target size. The stacking procedure inher- 
ent in the sequential process assures that energy is 
shifted the least possible distance. This is shown in Figs. 
1D, 1D\ and 1D", and explained by a "bucket brigade" 
analogy. 

[0065] Ultimately, a "ray-shift" angle, shown as Gj on 
Fig. 1E, is derived which represents the required lateral 
shift, Sj of segment centers occurring at a "throw" length 
L from the deformable mirror 12 to the substrate 31. 
Once the angle values are computed, the law of reflec- 
tion is used to define a surface slope set, and from this 
the computer algorithm integrates to find a surface dis- 
placement function, as illustrated in Fig. 1E\ The dis- 
placement function will usually be represented by a data 
set with larger entries than the actual number of actua- 
tors. Thus, the actuator control signals are determined 



as the limited set of displacements which will cause the 
"glass" of the mirror 1 2 to closely approximate the math- 
ematical surface. This is done by any standard extrap- 
olation method wherein the actuators 20 are assigned 

5 the displacement values that best fit the representation. 
[0066] Using this type of algorithm, the deformation 
required for mirror 12 to optimize the illumination profile 
is minimized because the light is never shifted in a way 
that results in the crossing rays. This is analogous to a 

10 bucket brigade as shown in Fig. 1 D". If several buckets 
were filled with water to arbitrary heights and some new 
distribution of water were desired, an algorithm can be 
found to move the water, resulting in the content of any 
bucket being moved the least distance. Each bucket on- 

15 |y gives or receives water from its nearest neighbors and 
yet ultimately a large amount of water can be moved. 
[0067] In one embodiment, after the mirror 1 2 makes 
more globally uniform the radiation from the illumination 
source 10, the intensity profile of the radiation is made 

20 more locally uniform due to convolution of the illumina- 
tion profile by the angular spreading nature of diffusive 
or diffractive optical element(s) as it propagates a short 
distance to the mask 30. For example, one suitable dif- 
fusive or diffractive optical element(s) is a microlens ar- 

25 ray 22 which can be moved as necessary to eliminate 
unwanted, microscopic coherent patterns. The micro- 
lens array 22 is driven by a quadrature drive 24 in a sin- 
gle plane along the two axes, preferably orthogonal to 
each other. 

30 [0068] The grid size and phase relief of the individual 
elements of the diffractive element or microlens array 
22 will vary depending upon the application. However, 
the typical element will have individual unit elements in 
an array. The units are preferably as small as possible. 

35 in one embodiment, the individual lens elements of a 
lens array should be no larger than about 1/1000 times 
the size of the uniform field. 

[0069] The diffractive element or microlens array 22 
is generally a phase-relief or optical path length modu- 
lo lated element with some repeating base unit. The lateral 
physical size of this base unit is called the unit size. If 
the unit is quasi-random or diffuse, then the unit size is 
the size of the largest lateral dimension over which dis- 
tinct local properties of the emitted light can be seen. 
45 Usually, the unit size will also be the characteristic size 
of some repeating property of any unwanted coherent 
pattern or speckle. 

[0070] In another embodiment, a second microlens 
array 26 can be located adjacent to the first microlens 

50 array 22. This particular approach offers manufacturing 
ease and affords design flexibility. The second micro- 
lens array 26 may be also advantageous in a system 
having a first microlens array 22 due to magnification of 
small motions. The two microlens arrays 22, 26, are 

55 preferably separated by a distance between 100 and 
500 times the focal length of an individual element of the 
microlens arrays 22, 26. The microlens arrays 22, 26 of 
this embodiment have been made of a repeating x-y grid 
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of 20 micron wide converging lens whose curvature ap- 
proximates a desired pupil fill or an angular spread for 
use in a predetermined photolithographic optical sys- 
tem. A major advantage of this method is the ability to 
tailor this angular property by the design of the diffractive 
element. Microlens arrays and other diffractive ele- 
ments of suitable nature may be purchased from Tele- 
dyne Brown Engineering, Huntsville, Alabama. 
[0071] Delimiters 28 are placed at or near the target 
plane or mask 30. The delimiters 28 help to prevent un- 
wanted radiation from reaching the target plane, at the 
mask 30 or substrate 31. The globally and locally uni- 
form illumination profile is projected through the reticle 
or mask 30 to projection optics 29. Two suitable projec- 
tion optics systems are described in U.S. Patent No. 
4,953,960, entitled, Color Corrected Optical Reduction 
, System Using One Material , and U.S. Application No. 
08/009,284, entitled, High Numerical Aperture Catadi- 
optric Reduction Lens, the disclosures of which are 
hereby incorporated by reference. 
[0072] The projection optics 29 image the reticle or 
mask 30 onto the substrate 31. The mask 30 and sub- 
strate 31 may be scanned in accurate conjugation along 
a scan axis, represented by arrows S a , as shown in Fig. 
1 F. This makes possible the imaging of a reticle or mask 
30 onto a substrate 31 that is larger than the illumination 
or imaging field. It also favors a one-dimensional mirror 
deformation. 

[0073] Scanning microlithography exposure systems 
have the advantage that precise imaging can be ob- 
tained when the object is moving and the image-forming 
surface is moving in accurate conjugation. The projec- 
tion optics 29 (i.e., lens) and the illumination source 10 
are fixed. The projection optics 29 at any instant images 
only a section of the full reticle or mask 30 object, within 
a rectangular field stop referred to as the "slot". This 
"slot" must be appropriately illuminated and uniform in 
the non-scan direction. The illumination profile in the 
scan direction is noncritical as long as an adequate 
number of pulses are used during the scan across the 
slot width, because the illumination profile is essentially 
smeared into a uniform profile by the scan. Fig. 1F* il- 
lustrates the uniform scan profile S p and the non-uni- 
form slot profile S' p created by an illumination system 1 1 . 
[0074] Fig. 2 illustrates a one-dimensional deforma- 
ble mirror 12. The mirror 12 surface departs from some 
basis surface only along one cross-section. A one-di- 
mensional deformable mirror 12 may be adequate for 
use in a scanning photolithography system. The deform- 
able mirror 12 has a flexible or deformable mirrored sur- 
face 32. Beneath the surface 32 are a plurality of actu- 
ators 34. The actuators 34, in this example, are moved 
by threaded shafts or screws 36. Mounting threads 38, 
in either end of deformable mirror 1 2, are used to mount 
the deformable mirror 12 in the beam delivery or illumi- 
nation system chassis. 

[0075] Fig. 3 illustrates the relationship of the deform- 
able mirror 12 and the actuators 34. Each of the actua- 



tors 34 are bonded with an adhesive 40 to the surface 
32. One suitable adhesive is 3M Part No. 2216 which 
can be purchased from the Minnesota Mining and Man- 
ufacturing Company, St. Paul, Minnesota. The actuators 

5 34 include a flexure cut 42 to define a virtual point of 
applied load and relieve lateral loading. Within each ac- 
tuator 34 is a threaded hole 44. A threaded shaft 36 is 
screwed into each threaded hole 44. Support or guide 
46 has a plurality of bores 48 therein. Each bore 48 has 

10 a diameter slightly greater than the outside diameter 50 
of the corresponding threaded shaft 36. The center ac- 
tuator 34 is held in a fixed position by a bolt 52. The 
shafts 36 are moved by drives 54. The drives 54 can 
either rotate the threaded shafts 36 or move up and 

*5 down without rotation, thereby causing the actuators 34 
to move. 

[0076] As discussed earlier, the controller 18 selec- 
tively controls the drives 54 to achieve the lowest nec- 
essary amount of deformation needed to obtain the re- 

20 quired globally uniform intensity profile. By using the 
throw distance (i.e., optical propagation without imag- 
ing) from the deformable mirror 12 to the target plane or 
reticle 30, illustrated in Fig. 1, of about 1 meter, only 
about a 1 radian local angular deformation of the flexible 

25 surface 32 is typically needed. This is well within the ac- 
ceptable range of motion of a thin reflective substrate of 
about 1 millimeter thickness. Additionally, with the small 
angular deformation there is little decollimation. The de- 
collimation is too slight to effect the desirable telecentric 

30 properties of radiation emanating from the microlens ar- 
rays 22 and 26, illustrated in Fig. 1, and in turn yields 
acceptably small distortion of images which are slightly 
defocused. 

[0077] Figs. 4 and 5 illustrate a second embodiment 

35 of the deformable mirror schematically illustrated in Fig. 
1. The deformable mirror 12 of the second embodiment 
is similar to the first embodiment depicted in Fig. 3. How- 
ever, this second embodiment has two rows of piezoe- 
lectric transducer actuators 154 and wire flexures 156. 

40 [0078] In Fig. 4, the mirror 132 is attached to piezoe- 
lectric transducer actuators 154 by wire flexures 156 
placed between supports 160. Suitable piezoelectric 
transducers may be obtained from AVX Corporation, 
Conway, South Carolina. One suitable transducer is 

45 AVX Model No. C3.50010-C. The piezoelectric trans- 
ducer actuators 154 are attached to a base 158. The 
back of the mirror 132, supports 160, actuators 154 and 
base 158 are bonded together with an adhesive 140 
such as 3M Co. Part No. 2216. The piezoelectric trans- 

50 ducer actuators 154 are only required to controllably 
move the reflective surface of the deformable mirror 1 32 
less than 10 microns from the undeformed state to ob- 
tain the desired global illumination uniformity. 
[0079] Fig. 5 illustrates two rows of piezoelectric 

55 transducer actuator 154 assemblies used to deform the 
mirror surface 132. The placement of a row of piezoe- 
lectric transducer actuator 154 assemblies at each lon- 
gitudinal edge of the mirror surface 132 helps eliminate 



11 



EP 0 744 641 B1 



12 



unwanted torsional deformation of the mirror 132. The 
wire flexures support and strain the mirror in a desirable 
one-dimensional manner while relieving unwanted lat- 
eral strain. 

[0080] Fig. 6 illustrates the illumination profile of an 
uncorrected excimer laser. The relative intensity of the 
radiation is represented by the shading in the graph of 
Fig. 6. The darker areas indicate greater radiation inten- 
sity. 

[0081] Fig. 7 illustrates the radiation intensity along 
the cross-section of the y-axis in Fig. 6. It can clearly be 
seen that the relative intensity varies considerably with 
respect to a change along the y-axis. This effect exists 
even over a central portion of the curve. 
[0082] Fig. 8 illustrates the intensity of radiation along 
the x-axis in Fig. 6. The illumination along the x-axis has 
been found to be relatively stable and predictable for an 
ArF excimer laser. Further, this axis, which is parallel to 
the scan axis or direction of scan, when used in a scan- 
ning system is less critical in obtaining a uniform expo- 
sure. The y-axis, which is perpendicular to the scan axis 
or direction of scan, is more critical and has been found 
more susceptible to fluctuation. This fluctuation or laser 
deterioration over time is due to changes in the align- 
ment, optics quality, gas quality, discharge dynamics, 
and temperature, among other variables. 
[0083] Figs. 9-11 are similar to those found in Figs. 
6-8. However, the graphs in Figs. 9-11 illustrate the illu- 
mination intensity that results from the application of the 
present invention to the same laser source as illustrated 
in Figs. 6-8. The uniformity of the illumination intensity 
along the critical y-axis is greatly improved. This can be 
illustrated by the substantially flat central portion of the 
curve in Fig. 10. Therefore, a larger portion of the orig- 
inally poor profile of the illumination source is made 
available. 

[0084] Fig. 10 illustrates a flat central portion of the 
illumination intensity curve that is very desirable in ob- 
taining a uniform exposure during a scanning operation. 
In practice with a scanning exposure system, the profile 
sensor and/or signal processing should display the pro- 
file along y resulting from averaging over x. In so doing, 
the data is made to represent the averaging action of a 
scan, as shown in Fig. 1 B\ The flat central portion of the 
illumination intensity curve achieved with the present in- 
vention has been found to vary less than 1%. 
[0085] Three different spatial size categories apply to 
uniformity definitions as global, local, or microscopic. 
"Global" refers to roughly the size of the illuminated field 
and a lateral extent larger than the extent of profile con- 
volving by the propagation action of the diffractive ele- 
ment. The mirror deformation essentially only acts on 
this definition of uniformity. The "ripple" or fine structure 
not fully corrected by deformation is a "local" nonuni- 
formity that gets removed by the convolving effect. This 
leaves only "speckle" or unwanted "microscopic" inter- 
ference patterns which are removed through the motion 
of the diffractive element during a many-pulse dose. 



These are all illustrated in Fig. 12. In Fig. 12, line G N 
represents the "global" non-uniformity, line L N repre- 
sents the "local" non-uniformity, and line M N represents 
the "microscopic" non-uniformity. Line l P represents the 

5 illumination profile. 

[0086] Referring again to Fig. 1, the microlens array 
or array pair 22 act as an angularly tailored diffuser. The 
diffractive element(s) or microlens array pair 22 act by 
local mixing like a low band pass filter of the frequencies 

10 of the spatial pattern. This removes fine structure flaws 
in the profile as seen at the reticle or mask 30. Since the 
cut-off is a function of the distance to the plane of ob- 
servation, it can be thought of as a tunable filter. The 
averaging by convolution of the fine structure is a func- 

15 tion of distance. 

[0087] It is preferred that microlens array 26 be phys- 
ically close to the delimiter plane 28. For example, in 
one embodiment, the last or second microlens array 26 
is approximately 10 millimeters from the delimiter plane 

20 28. However, in other embodiments, the microlens array 
26 position can vary considerably from this amount de- 
pending on the application. The distance is typically es- 
tablished such that several hundred array units project 
light angularly upon any uniform field point. 

25 [0088] When the projection optics 29 of the photolith- 
ographic system has a pupil at infinity, the pupil fill, and 
hence angular behavior of radiation at the reticle, comes 
from the far-field (e.g., infinite distance) diffraction pat- 
tern of the microlens arrays 22, 26. The far field pattern 

30 is characterized by divergence with negligible change 
in shape as the pattern propagates. Because of the very 
large number of lenses in the microlens arrays 22, 26, 
all reticle points essentially see the same angular distri- 
bution of secondary sources. Therefore, a condenser is 

35 not needed to reimage secondary illumination source or 
microlens array 26 on the pupil, as is typical of a con- 
ventional "Kohler" illuminator design. 
[0089] When a coherent radiation source such as a 
laser source 10 is used, a stable interference pattern 

40 sometimes called "speckle" occurs in the plane of reticle 
or mask 30. This unwanted pattern is the near field dif- 
fraction pattern of the diffusive or diffractive elements or 
microlens arrays 22, 26. The phase correlated contribu- 
tions at any point in the reticle plane 30 will create a 

45 highly visible fringe pattern in a static coordinate system 
associated with the microlens arrays 22, 26. This is an 
unwanted feature overlaying the desired circuit feature 
image. 

[0090] For pulsed beam sources, energy instability 
50 typically requires the use of at least 30 pulses, resulting 
in a summed dose. The pulse summing offers two ways 
to eliminate the unwanted interference pattern in the 
summed dose over time. The first is to move the diffu- 
sive or diffractive element to cause the interference pat- 
55 tern to move about one unit distance across itself two- 
dimensionally resulting in a sum dose absent of the in- 
terference pattern. A second is to shift the incident angle 
of the coherent wavefronts at the diffusive element 22 
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in a way that creates a changing linear phase shift func- 
tion and thus the same pattern motion. This eliminates 
the unwanted pattern. Figs. 14 and 15 show the nature 
of this motion, with Fig. 1 5 illustrating the speckle pattern 
washout resulting from the motion. 
[0091] Coherent radiation sources, such as lasers 
display the problem of speckle, that is, unwanted imag- 
es created by localized nonuniformity in the illumination 
source due to interference. For an excimer laser, speck- 
le cannot be eliminated without moving elements unless 
a scheme is used to create efficient cross mixing of the 
incoherent zones of the beam as might be done with a 
condenser lens. The invention does not require a con- 
denser lens to eliminate speckle, is thus simpler and in- 
volves less transmission loss. The diffractive element 
22 moves in quadrature along two orthogonal axes in a 
single plane (Fig. 12). This circulating motion of micro- 
lens array 22 avoids the possibility that a vector of the 
motion could lie in an accidental symmetry axis. 
[0092] The movement of the micrclens array 22 by 
quadrature drive 24 is preferably caused by small mo- 
tion, low inertia actuators acting in quadrature and driv- 
en pneumatically by a remote motorized actuator sys- 
tem as shown in Fig. 13. In Fig. 13 a motor 210 drives 
a first wheel 214 and a second wheel 216 by a belt 21 2. 
The wheels 214 and 216 in turn drive pneumatic com- 
pressors 218 which feed pnumatic hoses 220. The pnu- 
matic pressure and flow is controlled by attenuators 222. 
The pnumatic pressure and flow is used to drive two 
pneumatic actuators 224 in quadrature. Each of the 
drives 224 is attached to a frame 228 which holds the 
diffractive element or microlens array 22. The frame is 
held by flexures 226 and supported by support 230. This 
eliminates unnecessary vibration. The resultant motion 
in the single plane may be random. The pneumatic ac- 
tuators 224 coupled to the microlens array 22 are driven 
by a drive motor 210 some distance away. The movable 
microlens array 22 is compact and has very small inertial 
mass. Additionally, the stroke of the pneumatic actua- 
tors 224 can be easily changed by pressure drop meth- 
ods without changing the frequency. Thus, speckle is 
eliminated with the smallest stroke possible. Generally, 
the movement required in the diffractive or diffusive el- 
ement or microlens array 22 is very small, usually 20 
microns or less. This small motion reduces the possibil- 
ity of introducing undesirable vibration in a photolitho- 
graphic system. 

[0093] The deformable mirror 12 is adjusted in ac- 
cordance with changes in the illumination profile from 
the source 10. The change in the illumination profile 
from the source 10 is not rapid and is relatively stable 
over a short period of time, i.e., the time needed to ex- 
pose several wafers. Therefore, when used with an ex- 
cimer laser the deformable mirror 12 need only be ad- 
justed upon initial start-up of the source 10 or when the 
output of the source 10 has changed, as detected by the 
sensing means. The deformable mirror actuators 20, do 
not need to be respond that fast. Additionally, it has been 



determined that only approximately seven one-dimen- 
sional actuators 34, illustrated in Figs. 2-3, are needed 
to obtain the desired uniform illumination profile within 
±1% over the desired field. 
5 [0094] Fig. 16 illustrates another embodiment of the 
present invention. In Fig. 16 a reflective diffractive ele- 
ment 22' is used. The reflective diffractive element 22' 
reflects electromagnetic radiation received from de- 
formable mirror 12 onto the reticle 30. The reflective dit- 
to fractive element 22' is oriented in such a way so as to 
cause the illuminated reticle field to occur in reflection, 
including specular reflection, diffuse reflection, or any 
arbitrary angle of reflection attributed to the ability of the 
diffracting features to generate desired properties of ra- 
15 diation at specific angular locations on the incident side 
of the reflective diffractive element 22'. 
[0095] Accordingly, it should be readily appreciated 
that the present invention can provide a dramatic im- 
provement in illumination profile uniformity. Additionally, 
20 the effects of speckle that result from the use of a co- 
herent radiation source are eliminated. This is accom- 
plished with a simple design that is inexpensive and has 
very low transmission losses. Suitable materials and 
coatings for short wavelength sources are used for a 
25 very small number of elements traversed by the beam. 
As a result, more uniform illumination profiles can be ob- 
tained from the same power illumination source than 
previously possible. 

[0096] The term diffractive element or diffractive opti- 

30 cal element used throughout this disclosure is meant to 
mean any element whose effect on an incident electro- 
magnetic radiation field is dominated by the diffraction 
theory of radiation, and inadequately specified by ray- 
refractive or geometric models or analyses. The cate- 

35 gory includes substrates or elements of transmissive or 
reflective materials having amplitude and/or phase 
modulation or patterns which generate distinct ampli- 
tude, phase, and intensity patterns at specified fields or 
spacial positions. The current description emphasizes 

40 . elements used in transmission, but reflective embodi- 
ments of the same nature are included, for example the 
embodiment illustrated in Fig. 16. Similarly, a diffusive 
element is defined as any element whose effect on a 
substantially directional or beam-like radiation field is to 

45 reduce it's directional nature to some degree by gener- 
ating the effect of a large number of apparent secondary 
radiation sources. Such a diffusive element may be con- 
sidered a member of the category of diffractive elements 
as defined herein. 

so [0097] Although the preferred embodiment has been 
illustrated and described, it will be obvious to those 
skilled in the art that various modifications may be made 
without departing from the scope of this invention as de- 
fined in the claims. While one preferred embodiment has 

55 been described with an excimer laser source, the illumi- 
nation system may be applied to other illumination 
sources, and preferably, a substantially directional radi- 
ation source, with appropriate materials employed for 
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7. The illumination system of claim 2, further compris- 
ing a second microlens array (26) placed adjacent 
the first microlens array (22). 

5 8. The illumination system of claim 7, wherein one of 
the first and second microlens arrays (22, 26) is 
movable. 

9. The illumination system of claim 2, wherein each of 
10 the plurality of lenses of the microlens array is 20 
or less microns wide. 



the deformable mirror coating and diffusive elements. 



Claims 

1 . An illumination system for use in a lithographic sys- 
tem, said lithographic system comprising a reticle, 
the illumination system providing a desired illumi- 
nation profile at an illumination plane adjacent to the 
reticle, said illumination system comprising: 

a source of electromagnetic radiation (10); 

a deformable mirror (12); 

actuator means (20, 34, 154, 156), coupled to 
the deformable mirror (12), for changing the 
surface contour of the deformable mirror; 

profile sensing means (16) for determining an 
intensity profile of radiation emitted from the 
source (10); 

controller means (18), associated with the pro- 
file sensing means (16) and the actuator means 
(20, 34), for calculating a surface contour for 
the deformable mirror and controlling the actu- 
ator means; and 

a first diffusive or diffractive optical element (22, 
22'), placed adjacent said illumination plane, 

whereby radiation from the source (10) is re- 
flected from the deformable mirror (12) and 
through said first diffusive or diffractive element 
(22, 22') resulting in improved global and local 
radiation intensity uniformity. 

2. The illumination system of claim 1 , wherein the first 
diffusive or diffractive element is a first microlens 
array (22). 

3. The illumination system of claim 2, wherein the first 
microlens array (22) has individual lens elements of 
a size roughly 1/1000 times the size of the desired 
uniform field. 

4. The illumination system of claim 1 , wherein said first 
diffusive or diffractive element (22, 22') is movable. 

5. The illumination system of claim 4, wherein the first 
diffusive or diffractive element (22, 22') is movable 
in a single plane. 

6. The illumination system of claim 4 or claim 5, where- 
in the first diffusive or diffractive element (22, 22') 
moves less than one unit size in a lateral plane dur- 
ing exposure. 



10. The illumination system of claim 1 , wherein the de- 
formable mirror (12) is deformable primarily in one 

15 dimension. 

11. The illumination system of claim 1 , further compris- 
ing a plurality of independent actuators (34) at- 
tached to the deformable mirror. 

20 

12. The illumination system as in claim 11 , wherein the 
plurality of independent actuators (34) is adapted 
be capable of causing the surface to obtain con- 
tours that are neither flat nor spherical. 

25 

13. The illumination system of claim 1 , wherein the ac- 
tuator means further comprises: 

a first row of wire flexures (1 56) attached along 
30 a first longitudinal edge of the deformable mir- 

ror; 

a second row of wire flexures (156) attached 
along a second longitudinal edge of the deform- 
35 able mirror; 

a first row of actuators (1 54) attached to the first 
row of wire flexures; 

40 a second row of actuators (1 54) attached to the 

second row of wire flexures; and 

the first and second rows of actuators attached 
to a base (158), and 

45 

the first and second row of actuators are con- 
trolled by the controller means for deforming 
the deformable mirror. 

50 14. The illumination system of claim 13, wherein each 
actuator (154) in the first and second rows of actu- 
ators has a range of motion of less than 10 microns. 

15. The illumination system of claim 14, wherein each 
55 actuator (1 54) in the first and second rows of actu- 
ators is a piezoelectric transducer. 

16. The illumination system of claim 1 , wherein the first 
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diffusive or diffractive element (22, 22') is placed 
sufficiently close to a target plane to obtain illumi- 
nation within the near field diffraction pattern. 

17. The illumination system as in claim 2, wherein the 
source of electromagnetic radiation (10) comprises 
a laser or radiation beam source. 

18. The illumination system according to claims 2, 5 
and 7 having an object and image plane, wherein 
said source of electromagnetic radiation (10) com- 
prises a laser source; 

said actuator means is capable of deforming 
the surface of the deformable mirror (12) at any 
one location; 

said first movable microlens array (22) has a 
range of motion along two axes in a single plane 
of less than 20 microns; and 

said second microlens array (26) is placed suf- 
ficiently close to a target plane to obtain illumi- 
nation within the near field diffraction pattern. 

19. An illumination system as in claim 1, wherein said 
diffractive or diffusive element (22, 22') includes a 
substantially planar optical surface with phase relief 
or optical path modulation, with either stepwise or 
continuous character. 

20. An illumination system in claim 1, wherein said dif- 
fractive or diffusive element (22') is reflective, and 
whereby the radiation from the source of electro- 
magnetic radiation (10) is reflected rather than 
transmitted through the diffractive or diffusive ele- 
ment (2Z). 



Patentanspruche 

1. Beleuchtungssystem zur Verwendung in einem li- 
thographischen System, wobei das lithographische 
System eine Zwischenmaske aufweist und das Be- 
leuchtungssystem auf einer Beleuchtungsebene 
neben der Zwischenmaske ein gewunschtes Be- 
leuchtungsprofil bereitstellt, wobei das Beleuch- 
tungssystem umfasst: 

eine elektromagnetische Strahlungsquelle 
(10). 

einen verformbaren Spiegel (12), 
an den verformbaren Spiegel (12) angeschlos- 
sene Stellgliedeinrichtungen (20, 34, 154, 156) 
zum Verandern der Oberflachenkontur des ver- 
formbaren Spiegels, 

eine Profilerkennungseinrichtung (16) zum Er- 
mitteln eines Profils der aus der Quelle (10) 



emittierten Strahlenintensitat, 
eine an die Profilerkennungseinrichtung (16) 
und an die Stellgliedeinrichtungen (20, 34) an- 
geschlossene Steuerung (18) zum Berechnen 
5 der Oberflachenkontur fur den verformbaren 

Spiegel und zum Ansteuern der Stellgliedein- 
richtungen und 

ein erstes optisches Diffusions- Oder Beu- 
gungselement (22, 22'), das neben der Be- 
to leuchtungsebene angeordnet ist, 

wodurch die Strahlung aus der Quelle (1 0) von 
dem verformbaren Spiegel (12) reflektiert wird 
und durch das erste Diffusions- Oder Beu- 
gungselement (22, 22') gelangt, was zu einer 
15 gleichmaliigeren globalen und lokalen Strah- 

lenintensitat fuhrt. 

2. Beleuchtungssystem aus Anspruch 1, wobei das 
erste Diffusions- Oder Beugungselement eine erste 

20 Mikrolinsenanordnung (22) ist. 

3. Beleuchtungssystem aus Anspruch 2, wobei die er- 
ste Mikrolinsenanordnung (22) einzelne Linsenele- 
mente mit einer Grofte von etwa 1/1000 des ge- 

25 wunschten gleichmafiigen Feldes aufweist. 

4. Beleuchtungssystem aus Anspruch 1 ,wobei das er- 
ste Diffusions- oder Beugungselement (22, 22') be- 
wegbar ist. 

30 

5. Beleuchtungssystem aus Anspruch 4, wobei das 
erste Diffusions- oder Beugungselement (22, 22*) 
auf einer einzigen Ebene bewegbar ist. 

35 6. Beleuchtungssystem aus Anspruch 4 oder 5, wobei 
sich das erste Diffusions- oder Beugungselement 
(22, 22') wahrend der Belichtung urn weniger als die 
Grofie einer Einheit auf einer seitlichen Ebene be- 
wegt. 

40 

7. Beleuchtungssystem aus Anspruch 2, das zudem 
eine zweite, neben der ersten Mikrolinsenanord- 
nung (22) befindliche Mikrolinsenanordnung (26) 
aufweist. 

45 

8. Beleuchtungssystem aus Anspruch 7, wobei eine 
der beiden Mikrolinsenanordnungen (22, 26) be- 
wegbar ist. 

50 9. Beleuchtungssystem aus Anspruch 2, wobei jede 
aus der Mehrzahl von Linsen der Mikrolinsenanord- 
nung hochstens 20 Mikrometer breit ist. 

10. Beleuchtungssystem aus Anspruch 1, wobei der 
55 verformbare Spiegel (12) vorrangig in einer Dimen- 
sion verformbar ist. 

11. Beleuchtungssystem aus Anspruch 1, das weiter- 
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hin mehrere voneinander unabhangige Stellglieder 
(34) umfasst, die an dem verformbaren Spiegel an- 
gebracht sind. 

12. Beleuchtungssystem gemafc Anspruch 11, wobei 
die Oberflache des Spiegels durch die Mehrzahl der 
unabhangigen Stellglieder (34) Konturen erhalt, die 
weder flach noch spharisch sind. 

13. Beleuchtungssystem aus Anspruch 1, wobei die 
Stellgliedeinrichtung weiterhin verfugt uber: 

eine erste Reihe flexibler Drahte (wire flexures) 
(156), die an einem ersten Langsrand des ver- 
formbaren Spiegels angebracht ist, 
eine zweite Reihe flexibler Drahte (156), die an 
einem zweiten Langsrand des verformbaren 
Spiegels befestigt ist, 

eine erste Reihe Stellglieder (154), die an der 
ersten Reihe flexibler Drahte angebracht ist, 
eine zweite Reihe Stellglieder (154), die an der 
zweiten Reihe flexibler Drahte angebracht ist, 
wobei die erste und die zweite Reihe Stellglie- 
der an einer Basis (158) befestigt sind und 
die erste und die zweite Reihe von Stellgliedern 
von der Steuerung zum Verformen des ver- 
formbaren Spiegels angesteuert werden. 

14. Beleuchtungssystem aus Anspruch 1 3, wobei jedes 
Stellglied (154) in der ersten und zweiten Reihe von 
Stellgliedern einen Bewegungsspielraum von weni- 
ger als 10 Mikrometer hat. 

15. Beleuchtungssystem aus Anspruch 14, wobei jedes 
Stellglied (154) in der ersten und zweiten Reihe von 
Stellgliedern ein piezoelektrischer Wandler ist. 

16. Beleuchtungssystem aus Anspruch 1, wobei das 
erste Diffusions- oder Beugungselement (22, 22') 
dicht genug an einer Zielebene angeordnet ist, urn 
eine Beleuchtung innerhalb des Nahfeld-Diffrakti- 
onsmusters zu erreichen. 

17. Beleuchtungssystem aus Anspruch 2, wobei die 
elektromagnetische Strahlungsquelle (10) eine La- 
ser- oder Strahlenbundelquelle umfasst. 

18. Beleuchtungssystem gemali Anspruch 2, 5 und 7 
mit einer Objekt- und einer Bildebene, wobei die 
elektromagnetische Strahlungsquelle (10) eine La- 
serquelle aufweist, 

wobei die Stellgliedeinrichtung in der Lage ist, 
die Oberflache des verformbaren Spiegels (12) 
an jeder beliebigen Stelle zu verformen, 
die erste bewegbare Mikrolinsenanordnung 
(22) einen Bewegungsbereich entlang zweier 
Achsen auf einer einzigen Ebene von weniger 



als 20 Mikrometer hat 

und die zweite Mikrolinsenanordnung (26) dicht 
genug an einer Zielebene angeordnet ist, urn 
eine Beleuchtung innerhalb des Nahfeld-Dif- 
5 fraktionsmusters zu erreichen. 

19. Beleuchtungssystem gemafi Anspruch 1, wobei 
das Beugungs- oder Diffusionselement (22, 22') ei- 
ne weitgehend planare optische Oberflache mit 

10 Phasenrelief oder Lichtwegmodulation entweder 
schrittweiser oder kontinuierlicher Art verfugt. 

20. Beleuchtungssystem aus Anspruch 1, wobei das 
Beugungs- oder Diffusionselement (22*) reflektie- 

15 rend ist, weshalb die Strahlung aus der efektroma- 
gnetischen Strahlungsquelle (10) von dem Beu- 
gungs- oder Diffusionselement (22') reflektiert und 
nicht durch selbiges hindurchgelassen wird. 

20 

Revendications 

1. Systeme d'eclairement destine a etre utilise dans 
un systeme lithographique, ledit systeme lithogra- 

25 phique comprenant un reticule, le systeme d'eclai- 
rement produisant un profil d'eclairement souhaite 
dans un plan d'eclairement adjacent au reticule, le- 
dit systeme d'eclairement comprenant : 

30 une source de rayonnement electromagneti- 

que(10); 

un miroir deformable (12) ; 
un moyen actionneur (20, 34, 1 54, 1 56), couple 
au miroir deformable (1 2), pour modifier le con- 
35 tour de surface du miroir deformable ; 

un moyen de detection de profil (16) pour de- 
terminer un profil d'intensite du rayonnement 
emis par la source (10) ; 
un moyen de commande (18), associe au 
40 moyen de detection de profil (16) et au moyen 

actionneur (20, 34) pour calculer un contour de 
surface pour le miroir deformable et comman- 
der le moyen actionneur ; et 
un premier element optique diffusant ou diffrac- 
ts tant (22, 22'), place a proximite immediate dudit 
plan d'eclairement, 

d'ou il resulte que le rayonnement provenant de 
la source (10) est reflechi par le miroir deforma- 
ble (1 2) et a travers ledit premier element diffu- 
50 sant ou diffractant (22, 22'), ce qui conduit a une 

uniformite amelioree de I'intensite de rayonne- 
ment globale et locale. 

2. Systeme d'eclairement selon la revendication 1, 
55 dans lequel le premier element diffusant ou diffrac- 
tant est un premier groupement de microlentilles 
(22). 
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3. Systeme d'eclairement selon la revendication 2, 
dans lequel le premier groupementde microlentilles 
(22) comporte des elements de lentilles individuels 
ayant une taille approximativement egale a 1/1000 
de la taille du champ uniforme souhaite. 

4. Systeme d'eclairement selon la revendication 1, 
dans lequel ledit premier element diffusant ou dif- 
fractant (22, 22') est mobile. 

5. Systeme d'eclairement selon la revendication 4, 
dans lequel le premier element diffusant ou diffrac- 
tant (22, 22') est mobile dans un plan unique. 

6. Systeme d'eclairement selon la revendication 4 ou 
5, dans lequel le premier element diffusant ou dif- 
fractant (22, 22') se deplace de moins d'une taille 
unite dans un plan lateral pendant ^'exposition. 

7. Systeme d'eclairement selon la revendication 2, 
comprenant en outre un second groupement de mi- 
crolentilles (26) place a proximite immediate du pre- 
mier groupement de microlentilles (22). 

8. Systeme d'eclairement selon la revendication 7, 
dans lequel Tun des premier et second groupe- 
ments de microlentilles (22, 26) est mobile. 

9. Systeme d'eclairement selon la revendication 2, 
dans lequel chacune de la pluralite de lentilles du 
groupement de microlentilles a une largeur de 20 
micrometres ou moins. 

10. Systeme d'eclairement selon la revendication 1, 
dans lequel le miroir deformable (12) est deforma- 
ble principalement dans une dimension. 

11. Systeme d'eclairement selon la revendication 1, 
comprenant en outre une pluralite d'actionneurs in- 
dependents (34) fixes au miroir deformable. 

12. Systeme d'eclairement selon la revendication 11, 
dans lequel la pluralite d'actionneurs independants 
(34) est congue pour pouvoir faire en sorte que la 
surface obtienne des contours qui ne sont ni plans 
ni spheriques. 

13. Systeme d'eclairement selon la revendication 1, 
dans lequel le moyen actionneur comprend en 
outre : 

une premiere rangee de fils metalliques de 
flexion (156) fixes le longd'un premier bord lon- 
gitudinal du miroir deformable ; 
une seconde rangee de fils metalliques de 
flexion (156) fixes le long d'un second bord lon- 
gitudinal du miroir deformable ; 
une premiere rangee d'actionneurs (154) fixes 



a la premiere rangee de fils metalliques de 
flexion ; 

une seconde rangee d'actionneurs (154) fixee 
a la seconde rangee de fils metalliques de 
5 flexion ; et 

les premiere et seconde rangees d'actionneurs 
etant reliees a un socle (158) ; et 
les premiere et seconde rangees d'actionneurs 
etant commandees par le moyen de comman- 
do de pour deformer le miroir deformable. 

14. Systeme d'eclairement selon la revendication 13, 
dans lequel chaque actionneur (154), dans les pre- 
miere et seconde rangees d'actionneurs, a une pla- 

15 ge de mouvement inferieure a 10 micrometres. 

15. Systeme d'eclairement selon la revendication 14, 
dans lequel chaque actionneur (154), dans les pre- 
miere et seconde rangees d'actionneurs, est un 

20 transducteur piezoelectrique. 

16. Systeme d'eclairement selon la revendication 1, 
dans lequel le premier element diffusant ou diffrac- 
tant (22, 22') est place suffisamment pres d'un plan 

25 cible pour obtenir un eclairement a I'interieur du dia- 
gramme de diffraction en champ proche. 

17. Systeme d'eclairement selon la revendication 2, 
dans lequel la source de rayonnement electroma- 

30 gnetique (10) comprend une source laser ou de 
faisceau de rayonnement. 

18. Systeme d'eclairement selon les revendications 2, 
5 et 7, ayant des plans objet et image, dans lequel 

35 la source de rayonnement electromagnetique (10) 
comprend une source laser ; 

ledit moyen actionneur est capable de defor- 
mer la surface du miroir deformable (12) en un 

40 point quelconque ; 

ledit premier groupement de microlentilles mo- 
bile (22) a une plage de mouvement, suivant 
deux axes dans un plan unique, inferieure a 20 
micrometres ; et 

45 ledit second groupement de microlentilles (26) 

est place suffisamment pres d'un plan cible 
pour obtenir un eclairement a I'interieur du dia- 
gramme de diffraction en champ proche. 

50 19. Systeme d'eclairement selon la revendication 1, 
dans lequel ledit element diffusant ou diffractant 
(22, 22') comporte une surface optique sensible- 
ment plane presentant une modulation du relief de 
phase ou du chemin optique ayant un caractere soit 

55 discontinu soit continu. 

20. Systeme d'eclairement selon la revendication 1, 
dans lequel ledit element diffusant ou diffractant 
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(22') est reflechissant, et au moyen duquel le rayon- 
nement provenant de la source de rayonnement 
electromagnetique (1 0) est refiechi plutot que d'etre 
transmis a travers I'element diffractant ou diffusant 
(22'). 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



EP 0 744 641 B1 




EP 0 744 641 B1 





EP 0 744 641 B1 




EP 0 744 641 B1 




FIG. ID 




FIG. ID" 



EP 0 744 641 B1 




FIG. IE' 



EP 0 744 641 B1 




ILLUMINATION 
SYSTEM 



A 



FIG. IF 1 



EP 0 744 641 B1 



■12 



38 

/ 

\ M l V 



3? 



I-'' I 



36 



ir 
h 
i" 
i" 

n 
ii 



I 



J5 !' 36 



1 



36 



34 34 34 



34 

9 



3 

!J5 



I'M 



FIG. 2 




EP 0 744 641 B1 



140 



I40~^~ 
I54-, 

140 — , 



132 



B 



B 



7£0 
755 



154 



FIG. 4 



112 



•156 



132 
-^156 



1^140 



154 




FIG. 5 



EP 0 744 641 B1 



• l ..." - A--.'.. 





>- 

rk 256 n 



UJ 



UJ 

> 

_i 

UJ 

cr 



I28- 



0 

LEFT 



HORIZONTAL CROSS SECTION 




I28 



256 
X POSITION 



384 



FIG. 8 



"~5I2 

RIGHT 



EP 0 744 641 B1 



208 




FIG. 9 



32 



< 
_j 

LJ 

cc 



0 
TOP 



VERTICAL CROSS SECTION 




FIG. 10 



240 
Y POSITION 



480 
BOTTOM 



CO 
UJ 



UJ 
> 

_J 
UJ 



256 n 



128- 



0 



HORIZOTAL CROSS SECTION 




FIG II 



0 128 256 384 512 

LEFT X POSITION RIGHT 



EP 0 744 641 B1 




EP 0 744 641 B1 





EP 0 744 641 B1 




FIG. 15 



EP 0 744 641 B1 




